Permeability of ammonia and amines in Rhodobacter sphaeroides and Bacillus firmus.
Permeabilities of uncharged ammonia (NH3), methylamine (CH3NH2), and ethylamine (CH3CH2NH2) in the gram-negative phototrophic bacterium Rhodobacter sphaeroides were measured directly in cells grown heterotrophically under aerobic conditions. The permeability of NH3 was 2.55 +/- 0.73 microns s-1 (n = 20), but the permeabilities of CH3NH2 (MA) and CH3CH2NH2 (EA) were higher, PMA = 17.8 +/- 2.8 microns s-1 (n = 50), PEA = 24.7 +/- 3.9 microns s-1 (n = 44). The relative permeabilities of amines were also determined from their effect on the pH gradient across the cell membrane at alkaline external pH. In aerobically grown R. sphaeroides, both techniques indicated that the permeability of CH3CH2NH2 was about 30% greater than that of CH3NH2 but that the permeability of NH3 was only about 1/5 that of CH3NH2. The relative permeabilities of NH3 (A) and CH3NH2 were different in R. sphaeroides cells grown under three different physiological conditions: (a) cells grown aerobically with ammonium sulfate (PA/PMA about 0.20), (b) cells grown anaerobically with ammonium sulfate as their nitrogen source (PA/PMA about 0.29), and (c) diazotrophic cells (PA/PMA about 0.38). NH3 was also found to be only about 1/3 as permeable as CH3NH2 in the alkalophilic gram-positive bacterium Bacillus firmus. The findings that permeability properties of NH3 and CH3NH2 are very different in different bacteria and vary according to the conditions under which the organism is grown need to be taken into account in the interpretation of experiments where [14C]methylamine is used as an ammonia analog.